Objectives: Evaluate spectral Doppler parameters peak systolic velocity (PSV), end diastolic velocity (EDV), resistance index (RI) and pulsatility index (PI) in infiltrated and non-infiltrated uterine arteries of patients with locally advanced (stages II B, III B) squamous cell cervical cancer and their changes during treatment.
INTRODUCTION
In cervical cancer patients, the mode of treatment depends on staging and parametrial infiltration, which is a critical factor in determining treatment planning. When invasion of the cancer is confirmed in parametrial tissues, locally advanced disease is diagnosed with FIGO stages II B or III B [1, 2] .
Clinical pelvic examination has its limitations in evaluation of the parametria. In assessment of parametrial infiltration, MRI is a method of choice with staging accuracy 75-96%, high negative predictive value (94-95%), specificity of about 94% and sensitivity of 69% [3] . CT and PET-CT are used to detect distant metastasis rather than lymph-node involvement, but are poor methods of assessing local tumor extension [3] . Some patients present contraindications to MRI, e.g. claustrophobia, heart pacemakers, neurostimulators and metal implants. Thus, to provide precise assessment of the parametria, other diagnostic methods are being searched [4] .
Angiogenesis is a fundamental event in tumor growth, progression and metastasis [5] . The tumor vascular bed differs from the vascular system in healthy tissues. The two typical findings are arteriovenous shunts and new large capillaries or sinusoids devoid of smooth muscle in the walls [6, 7] . They demonstrate decreased resistance to flow and therefore receive greater flow volume. Thus, a growth of carcinomatous tissue is more rapid than the one that would occur in vessels with normal resistance. During radiotherapy, radiation most often damages capillaries, sinusoids and small arteries, whereas lesions of veins are observed less frequently [8] . All these features lead to changes in hemodynamics in both intratumoral vessels and tumor feeding vessels, that can be assessed qualitatively and quantitatively during a Doppler examination [9] [10] [11] [12] [13] [14] . Infiltration of uterine arteries is not equal to parametrial involvement since the latter also consists of fatty tissue surrounding both the uterine corpus and the cervix, but it confirms inoperable stage of the cancer.
Objectives
The aim of this study was to evaluate spectral Doppler parameters, i.e. peak systolic velocity (PSV), end diastolic velocity (EDV), resistance index (RI) and pulsatility index (PI) in infiltrated and non-infiltrated uterine arteries of patients with locally advanced cervical cancer and their changes during treatment.
MATERIAL AND METHODS
The study group consisted of 36 patients with squamous cell cervical cancer, staged II B and III B, treated at the Department of Teleradiotherapy of the Copernicus Memorial Hospital of Lodz, in 2015-2017. Detailed clinical data of the studied population are presented in Table 1 .
The treatment scheme involved application of external beam radiotherapy (EBRT) to the pelvis, uterus, both adnexa and regional lymph nodes up to a dose of 44 Gy, fractionated at 2 Gy, with weekly injections of cisplatin (P) at a dose of 40 mg/m 2 . In patients with contraindications to P, only EBRT was applied. After EBRT with or without P was completed, high-dose rate brachytherapy (HDR BT) was implemented, fractionated at one application 7 Gy weekly for four weeks up to a total dose of 28 Gy, or EBRT was continued to the uterus and primary infiltrating tissues, up to a total dose of 60 Gy. Follow-up monitoring was carried out in an oncological outpatient clinic.
All patients underwent an MRI of the pelvis prior to the treatment. The infiltration of uterine arteries was assessed in the MRI, performed with Siemens Magnetom Avanto 1.5 T before the treatment. Evaluation of parametrial vessels invasion was done on T2-weighted turbo spin echo axial plane images.
All patients underwent a transvaginal Doppler ultrasonography (TVDU) prior to the treatment, after EBRT and six weeks after the last application of HDR BT. Both MRI and TVDU were consecutively performed and analyzed by the same examiner with long experience in both methods.
The TVCD examinations were performed using Philips iU22 with 10MHz endovaginal probe C10-3v. The scanning protocol was the same throughout the study period and all examinations began with the same setting of the ultrasound system. Once parametrial arteries flow signals were identified, velocity waveforms were recorded by placing the sample volume over colored vessels, prior to angle correction. After three uniform consecutive waveforms one of them was manually outlined and spectral Doppler parameters were recorded. The PSV, EDV, RI and PI were analyzed. RI was defined as the ratio of the difference between the PSV and EDV to PS. The PI was defined as the ratio of the difference between the PSV and EDV to the mean velocity. Both RI and PI were calculated automatically and are not dependent on the angle of sampling. Parametrial arteries were assessed bilaterally. Each patient's right and left uterine arteries were analyzed independently.
The group size was estimated using standard power analysis methods. We assumed that clinically-relevant differences would need to exceed 1/3 standard deviation of the analyzed spectral Doppler parameters. Therefore, in order to maintain statistical power > 80% with a predetermined type 1 error probability < 0.05 we calculated that a group of 30 patients is the required minimum. This group was 
RESULTS
The univariate analysis revealed that the median PSV value in the first examination was higher in infiltrated uterine arteries than compared to non-infiltrated ones [30.6 cm/s (18.8-39.9 cm/s) vs 16.8 cm/s (13.1-22.3 cm/s)] (p = 0.001), as shown in Figure 1 . This was further confirmed in the multivariate analysis, in which PSV values in infiltrated uterine arteries, detected in an MRI, differed significantly from PSV values of non-infiltrated uterine arteries (p = 0.023). In addition, the PSV values for all vessels decreased between the first and the third observation (p < 0.001). There was no significant difference in PSV values between infiltrated and non-infiltrated uterine arteries between the first and the third examination (p = 0.360; Fig. 2 ).
Both the univariate and multivariate analyses revealed that there were no differences in median EDV values be-tween infiltrated and non-infiltrated uterine arteries, measured in the first examination [7.86 (4.97-12.40) vs 9.32 (6.77-11.70] (p = 0.523 and p = 0.459, respectively), as shown in Figure 3 . Between the first and the third examinations, EDV values for all vessels did not significantly change (p = 0.148). There was no difference in EDV values between infiltrated and non-infiltrated uterine arteries between the first and the third examination (p = 0.786; Fig. 4 ).
Both the univariate and multivariate analyses revealed that there were no differences in median RI values in the first examination between infiltrated and non-infiltrated uterine arteries [0.73 (0.58-0.78) vs 0.66 (0.62-0.76)] (p = 0.568 and 0.947, respectively), as shown in Figure 5 . Between the first and the third examinations, RI values for all vessels did not significantly change (p = 0.228). There was no difference in RI values between infiltrated and non-infiltrated uterine arteries between the first and the third examination (p = 0.297; Fig. 6 ). Both the univariate and multivariate analyses revealed that there were no differences in median PI values between infiltrated and non-infiltrated uterine arteries, measured in the first examination [1.43 (0.88-1.68) vs 1.13 (1.00-1.61)] (p = 0.460 and p = 0.683, respectively), as shown in Figure 7 . From the first examination to the third one, the difference in PI values for all vessels was at the limits of statistical significance (p = 0.058). There was a significant difference in PI values between infiltrated and non-infiltrated uterine arteries between the first and the third examination (p = 0.027; Fig. 8 ).
DISCUSSION
Transvaginal ultrasound (TVUS) and transrectal ultrasound (TRUS) are cost-efficient diagnostic tools, characterized with high specificity and moderate sensitivity in evaluating parametrial involvement in cervical cancer patients [15] [16] [17] [18] [19] . Fischerova et al. claimed that ultrasounds are superior to MRIs, as it enables to accurately predict parametrial infiltration in cervical cancer patients. Sensitivity values, obtained with the application of these two imaging techniques, are 83% and 50%, respectively, whereas specificity values are 100% and 98%, respectively [15] . Results obtained by Testa et al. [16] (sensitivity 60% vs 40% and specificity 89% vs 89%) and by Epstein et al. [17] (sensitivity 77% vs 69% and specificity 98% vs 92%) were similar. Moloney et al. [20] found higher sensitivity rates (86% vs 40%) but lower specificity values (20% vs 78.8%) for TVUS in comparison with values obtained with the use of MRIs with regards to detection of parametrial infiltration. Chiappa et al. [21] described similar with MRI diagnosis of parametrial infiltration for 2D and 3D ultrasound in 76% and 79%, respectively. The usefulness of TVUS as a diagnostic but also as a prognostic tool can be improved when it is accompanied by assessment of parametrial and intertumoral blood vessels in color and power Doppler examination [13, 22, 23] .
Since the early 1990s, there have been efforts to make TVDU a valuable method, that can enable identification of infiltrated parametrial vessels. Initial studies, assessing blood flow hemodynamics in cervical cancer, focused on uterine arteries and cervical branches of uterine arteries, but those reports compared cervical cancer patients with healthy volunteers [24, 25] . Enzelsberger et al. [24] found that cervical cancer patients demonstrated significantly lower median PI values, both in uterine and cervical arteries. Similar findings, which also regarded RI values, were presented by Breyer et al. [25] . Additionally, Bolla et al. [26] found a positive correlation between tumor diameter, uterine artery end-diastolic velocity and PSV, but not RI or PI. In our study, only patients with locally advanced cervical cancer were evaluated. Spectral Doppler parameters of infiltrated and not infiltrated uterine arteries before, during and after the treatment were analyzed. We did not observe any difference in EDV, PI or RI values between infiltrated and non-infiltrated vessels before the treatment, but PSV value was significantly higher in infiltrated uterine arteries. Our results correspond to those obtained by Bolla et al. [26] and cited above. In our opinion, especially when MRI cannot be used for diagnostic purposes, a high PSV value in uterine arteries can be valuable information.
Changes in spectral Doppler parameters in uterine arteries, observed during treatment of locally advanced cervical cancer, were a topic of our interest as well. We observed decreased PSV values between the first and the last examination, similarly in infiltrated and non-infiltrated vessels. When analyzing EDV, RI and PI values, some changes between infiltrated and non-infiltrated uterine arteries were observed, particularly between the second and the third examination.
Our results can be considered preliminary data only and must be confirmed in more extensive materials. The main strength of our study is its prospective design. This study describes first prospective correlation between spectral Doppler parameters in parametrial arteries and MRI images. In our paper analysis of both TVCD and MRI images by the same examiner raises the accuracy of interpretation, but we are aware that it can also be a limitation with possibility of a bias. Another limitation of our study is reproducibility of PSV and EDV measurements which are dependent on the angle of sampling and may alter due to different operators.
CONCLUSIONS
1. In patients with locally advanced cervical cancer of uterine arteries, assessment of PSV but not EDV, RI, or PI can be helpful in differentiation of infiltrated and non-infiltrated vessels. 2. In this group of patients, radiotherapy decreases PSV values in uterine arteries. Such a decrease is not observed for EDV, RI and PI values. 3. An observation conducted from the onset of radiotherapy to end of the follow-up in uterine arteries reveals that PI, but not EDV, RI or PSV, is different in infiltrated and non-infiltrated vessels.
